INTRODUCTION
============

Dural arteriovenous fistula (DAVF) is responsible for 10--15% of intracranial arteriovenous abnormalities.[@B1] DAVF of the transverse sinus (TS) with cortical venous reflux poses a high hemorrhage risk of 10--40% and significant morbidity and mortality.[@B2][@B3] DAVF treatment is aimed at reducing the risk of hemorrhage by obliterating the arteriovenous shunting that leads to venous hypertension. Transarterial or transvenous embolization is sometimes not applicable because the venous access can be prevented by sinus thrombosis. A direct surgical approach can be an alternative if percutaneous access is not feasible. Several authors have reported on direct puncture and sinus embolization using coils with or without glue and coil with transarterial Onyx injection for the treatment of transverse-sigmoid sinus DAVF.[@B1][@B4][@B5][@B6][@B7][@B8][@B9] However, to our knowledge, there is no report of direct puncture and sinus embolization using Onyx. We report a case of coil and Onyx embolization after direct cannulation of the TS for the treatment of left TS DAVF.

CASE REPORT
===========

A 75-year-old woman presented with tremor, festinating gait, and dysarthria. A left-sided TS-DAVF was seen on computed tomography angiography. Digital subtraction angiography confirmed the presence of a Borden II/Cognard IIa+b left TS-DAVF with bilateral TS occlusion ([Fig. 1](#F1){ref-type="fig"}). Given the presence of cortical venous reflux, treatment was recommended.

We deemed that transvenous embolization via the femoral vein would be difficult to perform because both TSs were occluded by thrombi. Moreover, achieving complete cure by transarterial embolization via occipital feeders would be difficult because of numerous fine fistulas in the left TS fed by numerous transosseous fine feeders of both occipital arteries, as well as the left stylomastoid and posterior auricular arteries.

Treatment
---------

A surgical procedure for accessing TS was performed in the operating room under general anesthesia. The patients were placed in the supine position with right-sided rotation of the upper body and the head. A linear vertical incision was made, and a small craniotomy (size, 2 cm) was performed at the midportion of the left TS. The location of the TS was confirmed with an intraoperative Doppler.

Sinus catheterization was performed after the patient had been transferred to the angiography room. Under roadmap guidance, the left TS was directly punctured using a 21-G micropuncture needle. A 5-F micropuncture sheath was advanced over a micropuncture wire after needle removal. A 018 Rebar microcatheter (Medtronic Inc., Irvine, CA, USA) was then advanced over a microwire through the 5-F sheath into the distal end of the left TS. Seven detachable coils were inserted at the distal end of the left TS to reduce pressure of shunting flow through fistulas. After three coils were inserted, a coil frame was intentionally made with a fourth coil proximal to the microcatheter tip, and three more coils were filled into the proximal fourth coil frame (i.e., the microcatheter tip was located at the mid-portion of the coil mass that helps forward the expansion of Onyx). Onyx embolization was performed carefully flowing backward over the puncture site from the proximal occluded point of the left TS to just before the torcula. Final angiography revealed almost complete occlusion of the fistula, except for the presence of minimal shunting flow in the left proximal TS ([Fig. 2A--F](#F2){ref-type="fig"}). The micropuncture sheath was removed from the TS, and bleeding was controlled with hemostatic materials (Floseal®, Baxter, Hayward, CA, USA). Bleeding was easily controlled because Onyx flowed backward over the puncture site. A miniplate was fixed over the craniotomy site, and the wound was closed. No complications occurred during the procedure. The patient was monitored overnight in the neurointensive care unit and discharged home 3 days later.

After 1-week follow up, time-of-flight magnetic resonance angiography showed complete resolution of residual shunting in the proximal TS ([Fig. 2G--I](#F2){ref-type="fig"}). At 1-month follow up, tremor, festinating gait, and dysarthria had resolved, and the patient showed markedly improved mental status. We planned follow-up DSA and further embolization of the DAVF if the shunt remained.

The patient agreed to use of her clinical and private data being used in research, publications, sharing and archiving.

DISCUSSION
==========

In this case report, we illustrate the feasibility and effectiveness of both surgical craniotomy and sinus embolization using Onyx for the treatment of TS-DAVF with bilateral TS occlusion. Transcranial access was first described by Mickle and Quisling in 1986.[@B10] Several reports have described the use of the transcranial route for direct venous sinus cannulation. Most of the authors embolized venous sinus using coils after direct puncture.[@B1][@B4][@B5][@B6][@B7][@B8][@B9] Some patients were pretreated with transarterial embolization to reduce arterial inflow before the procedure.[@B5][@B11][@B12] This is the first case using transvenous coil and Onyx embolization after direct puncture of the venous sinus. The advantages of this method are that transvenous coil embolization reduces arterial inflow into the sinus, and complete sinus occlusion can be obtained following Onyx embolization. Onyx showed better closure rates in the treatment of DAVF than glue as a result of better penetration throughout the fistula.[@B13] The cohesive liquid form of Onyx is modeled by blood flow.[@B14][@B15] It may flow toward retrograde cortical veins because the flow direction is toward cortical veins and may not move into normal cortical veins because the flow direction is toward the sinus that pushes Onyx away.[@B16]

The locations of sinus punctures can vary. In all previous reports, the puncture site was proximal to the fistulous segment (i.e., not in the fistulous segment), and the authors used coils only or coils with glue for the embolization of the directly punctured sinus. In our patient, we punctured the midportion of the left TS (i.e., in the fistulous segment) and embolized it from the distal end of the occluded TS with detachable coils and Onyx. Onyx flowed backward over the puncture site in the left TS and stopped just before torcula. The advantage of this puncture location was that it reduced the possibility of massive sinus bleeding after microsheath removal. There was no difficulty with removing the microcatheter even though the microcatheter was captured by Onyx, because the distance between the catheter tip and puncture site was very short, compared to that observed with the transfemoral venous approach.

A direct approach to the sinus should be considered if a transfemoral approach is not feasible in patients for whom transvenous embolization is preferred. Using coils and Onyx embolization may be a feasible and effective combination for the treatment of DAVF with sinus occlusion by direct access.
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![Initial angiogram. (A and B) Anterior (A) and lateral (B) images of the left CCA angiogram show dural arteriovenous fistula with retrograde flow and cortical venous reflux (Cognard classification IIa+b). Diffuse numerous shunting flows are noted in the left transverse sinus. Bilateral sigmoid sinus is occluded. (C and D) Anterior (C) and lateral (D) images of right CCA angiogram show shunting flow into the torcular region. CCA, common carotid artery.](ymj-60-1112-g001){#F1}

![Treatment and follow up. (A) Lateral image shows inserted coil mass. (B) Lateral image shows Onyx cast during embolization. (C) Lateral image shows final Onyx cast. (D and E) Left three-dimensional common carotid artery angiogram (D) and volume rendering image (E) show residual fistula from the left occipital artery in the proximal TS (arrows). Onyx refluxed over the puncture point in the left TS (thick arrow). (F) Right brachiocephalic angiogram depicts residual fistula from the right occipital artery in proximal TS (arrow). (G--I): 1-week follow-up time-of-flight magnetic resonance angiography depicts the resolution of the fistula in the proximal TS (arrows). TS, transverse sinus.](ymj-60-1112-g002){#F2}
